Our analysis of the available station data shows coherent drought conditions over much of the Amazon basin during 2005 (Fig.1) . The gauge data are relatively sparse and data quality is not always consistent in this remote region, but the general drying is corroborated by satellite observations which have better spatial coverage, including the CAMS/OPI outgoing longwave and TRMM/TMI microwave precipitation products (1) . Many other parts of South America including Northeast Brazil and the La Plata basin also experienced drought. Only a small part of the northern Amazon had slightly above normal rainfall.
Changes in rainfall and atmospheric circulation is consistent with the notion of an Atlantic origin: above normal rainfall over the warmer tropical North Atlantic ocean, a typical atmospheric convection response to warm SST. The rising motion in the North generates subsidence in the south over the Amazon and the South Atlantic Ocean, a sea-saw like modification to the Hadley circulation and a northward shift of the intertropical convergence zone (ITCZ). As a result, reduced rainfall is seen across western and southern Amazon, northeastern Brazil, Equatorial Atlantic ocean and the African Guinea Coast. The atmospheric moisture transport indicates a clear reduction in Atlantic moisture into the Amazon (Fig.1B) , which normally flows westward up the Amazon river and turns southward along the Andes.
Two major issues immediately arise. Firstly, precipitation over the Amazon is known to be largely controlled by ENSO via changes in the zonally oriented Walker Circulation, a coupled atmosphere-ocean phenomenon originated from the eastern Pacific Ocean, though ENSO only explains part of the variability (7) (8) (9) (10) (11) . Atlantic SST influence on the ITCZ and rainfall in Northeast Brazil and West Africa Sahel has long been noted (12) (13) (14) (15) , but an Atlantic linkage to the heart of the Amazon basin is not well established (16, 17) , partly because of the sparse raingauge data in this remote region. Another perplexing issue is the severity of the drought. As shown in Fig.2A,   2005 had relatively small rainfall change, compared to, e.g., the large 1997-98 drought, seemingly contrary to the extremely low river and lake levels seen by people living in the region.
The answer to the second question comes from the observation that the major El Nino events such as 1997-98, 1982-83 that led to large droughts in the Amazon were short lived (about 1 year), often immediately followed by La Nina events that led to anomalously wet conditions so that the land recovers quickly from the drought (Fig.2A) . In contrast, although the precipitation anomaly Since SPI effectively represents the cumulative effect of rainfall (18) , and the river and lake levels largely indicates the content of soil moisture and underground water which percolates slowly into the rivers, it is a better indicator of hydrological drought than instantaneous rainfall.
The impact of the long-lasting 2002-2005 drought can be clearly seen in several other important hydroecological indicators (Fig.2) . The Amazon streamflow as measured at Tabatinga (4.25 • S, 69.9 • W, a station on the Solimões River, main stem of the Amazon) shows the lowest level over the 25 year data period. A novel connection is the Amazon river plume in the Atlantic Ocean generated by the Amazon runoff. Because lower salinity water is largely caused by the fresh water input from the Amazon, the size of the river plume is a measure of Amazon runoff, though other factors such as change in oceanic currents may also play a role. The salinity derived from satellite light attenuation (19) shows that in 2005 the plume size is significantly reduced and 'patchier' (Fig.3) than the average of previous 7 years. By the end of 2005, the river plume area was smaller than during the drought year of 1997-98 ( On average, the Amazon River plume may be responsible for a carbon sequestration by plankton diatom diazotroph associations of up to 1.5 TgC annually (20, 21) . Thus the change in plume size as a result of changes in precipitation patterns may have had an impact on carbon and nitrogen cycle in the tropical Atlantic ecosystem over 2000 km from the mouth of the river.
The drought also led to enhanced fire in the southern Amazon, several times more than normal in some places as indicated by the satellite observed fire counts (22) Fig.2A,B) , the coherent spatial pattern of a wetter North Atlantic and drier Amazon appears to be robust (Figs.1,4) .
To understand the relative contribution from Pacific and Atlantic ocean, model sensitivity experiments were conducted using SST anomalies from tropical Pacific or Atlantic only (Fig.4B,C) .
The 2005 drought in the southern Amazon appears to be mostly caused by Atlantic SST anomalies.
Although there was a mild La Nina condition towards the end of 2005 (Fig.1B) which may be responsible for the drying in Equatorial Pacific (Fig.1A and Fig.4A ), it produced little change for the Amazon basin as a whole (Fig.4C) . In contrast, tropical Atlantic SST alone (Fig.4B) (25, 26) , so that the independent contribution from Atlantic is not necessarily larger than the Pacific. This is also consistent with our lagged-correlation analysis which shows that SOI leads Amazon rainfall by 1 month, while NATL lags rainfall by about 2 months, as can also be seen in Fig.2 . A multiple regression analysis with the 3 indices as the predictors for Amazon average rainfall P shows that P is best predicted as p = 0.42 soi − 0.52 natl + 0.07 satl where lower case (soi, natl and satl) indicates the quantity normalized by its variance. When the three indices are combined as above, the multiple regression coefficient is 0.73, explaining 53% of the Amazon rainfall variance, much higher than SOI alone, suggesting the Atlantic influence on the Amazon is highly significant over the last 27 years, not just 2005. A caveat is that these numbers, including the relative importance of SOI and NATL, depends somewhat on the rainfall dataset used, so that we can only conclude that Atlantic SST influence on the Amazon rainfall is comparable to the Pacific. This general conclusion is also supported by similar analysis with runoff data (not shown). 
It is illuminating to see the interplay between Pacific and Atlantic in impacting

